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T.NTRODUCTION

Releases of tritium from the 100 Area constitute the largest and most
obvious single source of off-plant radioactivity released (reference 1).
Removal of tritium from reactor moderator offers one way to keep these re-
leases as low as practical. E.R.D,A.’s division of Waste Management has a
program to develop a catalytic exchange process for removing tritium from
light and heavy water for which an in-house demonstration is desired (ref-
erence 2). We report here the results of a preliminary study to determine
the practicality and potential benefits of conducting such a demonstration

in connection with an S.R.P. 100 Area reactor. This report also serves to

collect in one place the basic information needed in considering removal
of tritium from reactor moderator by other methods (references 1, 3, 4) .

SUMMARY

Reduction of moderator tritium will reduce 100 Area releases of tritium
in the same proportion, It will also reduce the need and cost of basin
deionizer regeneration in this proportion. There is a good chance that up
to 75% reduction in moderator tritium can be achieved by catalytic exchange
at an acceptable net cost (< $20,000/year). There is even reasonable chance
of recovering capital costs and ultimately achieving a net gain from reduced

basin deionizer costs, for reductions in the range from 20% to 60%. Esti-
mated costs and benefits for systems of different sizes, each for one reactor,
are sununarized as follows:

Ultimate tritium reduction factor

Ultimate percent reduction
Percent reduction in first year

Total capital costs, $1000
Annual operating costs, $1000

Years to recover capital costs

Annual net gain after long operation, $1000

Reduction in off-site dose, man-remlyr
Residual cost of off-site dose reduction,

$/man-rem

1.6

37.5
4.6

82
35

4.8
26

11
.,.-

c

2

50

7.7

110
43

2.8

42

15

6
83.3

33

350
120

1.8
28

25

20
95

75

1200
390

_b

-230

28

c c
8200d

.

a
Crediting all cost benefits except reduction in off-site exposure

b
..-,

Never recovered

%0 cost

‘(Does not include $20,000 unrecovered capital cost)
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These are results of a crude cost analysis , which needs to be refined
by combining results of bench testing now being started at Mound Laboratory
with a detailed engineering design study, and a catalyst life test in a
100 Area.

A pilot plant using”a one-inch I’.D.,catalyst-packed colunm and a feed
rate of 0.7 gph would provide a satisfactory demonstration of the process
feasibility from a technical. and engineering viewpoint, It would cost very
roughly $60,000 in equipment and $11,000 per year in operating costs, and could
be incorporated easily as part of a full scale plant for permanent use,
Results of the demonstration would be applicable directly to Candu type
power reactors and by extrapolation to light water power reactors.

All cost estimates presented here are of a very preliminary nature,
solely for the purpose of determining if further study of the catalytic ex-
change process is warranted.

CONCLUSIONS

1. The catalytic exchange process

technical data, engineering design, and

2. This work should aim at

merits further study to firm up

cost analysis results.

o a 100 Area test installation to determine catalyst life

o pilot plant demonstration using direct feed from a 100 Area
reactor to an approximately 1“ ID ,catalyst column

o full scale plant operation if the demonstration is
successful.

DISCUSSION

E,R.D.A. Tritium Management Studies

E.R.D.A.’s division of Waste Management and Transportation is pursuing
a program to develop methods of reducing releases originating from reactor
water and wastes. Methods are needed because of the prospect that tritium
in the coolant and moderator water of power reactors and in basin water of .
fuel reprocessing plants may soon reach levels such that consequent tritium
releases will be of public concern. The approach being taken is that of
removing tritium from the water and concentrating it to the point that it
can be stored or buried safely and economically.

For the fuel basins and for U. S. power reactors, the tritium must be

removed from light water (H20). The Canadians have begun international
sale of their Candu heavy water power reactors and there is some prospect
of a number of these reactors in the U. S. in the near future (reference 5).
In these reactors, tritium must be removed from D20.

SECRET
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. .

The E.R.D.A. program includes investigation of a number of methods for
removing tritium from H20 and from D20. Of these the one nearest to practi-
cal application is that of catalytic exchange of hydrogen isotopes between
liquid water and hydrogen gas. Extensive work on this process has been done
at the A.E.C.L.’S Chalk River Nuclear Laboratories (reference 6), for the
separation of H20 from D20. E.R.D.A. sponsored bench-scale work on separa-
tion of tritium from H20 and from D20 has been started at the Mound Labora-

tory. To complement this work, an in-house pilot plant demonstration is
desired probably in connection with an S.R.P. reactor,

Proposed S.R,P. Demonstration. Such a demonstration could be provided
by using the process to remove tritium from the moderator of a 100 Area
production reactor. It would serve the following purposes:

o

0

0

Results

determine catalyst performance in contact with actual’reactor
moderator

verify the scale-up from bench to full scale operation

obtain more accurate data on the economics of the process

of the demonstration would be directly applicable to detritiation of

Csndu reactor D20. Because separation of tr~tiurn from D20 is expected
to be almost an order of magnitude more difficult than separation of tritium
from H20, a successful demonstration would also virtually assure successful
removal of tritium from light water.

Potential S.R.P. Benefits. Removal of tritium from the moderator of an
S.R,P. 100 Area reactor could have the following benefits:

o reduce 100 Area atmospheric and liquid releases of tritium in

proportion to moderator tritium reduction

o reduce basin purging in this same proportion, with a corresponding
reduction in the liquid releases of radioactivity other than
tritium

o reduce the need for use of plastic suits if the tritium can be
reduced by more than a factor of about 10~reference 4a)

o effect a cost saving from the value of recovered tritium.

Preliminary Evaluation. We have made a preliminary study to determine
if the proposed process has enough chance of success to be worth pursuing
further. To be successful it should produce a worthwhile reduction in
moderator tritium and tritium releases at a reasonable cost. This is the

criterion which is being applied to tritium control iQ power reactors and
fuel reprocessing plants, and which is likely to be applied to S.R.P.

SECRET
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The heart of this study was therefore a cost-benefit analysis which
is necessarily crude because certain essential data are not yet known with
sufficient accuracy. A major objective of the analysis was to identify these
unknowns as an aid to plmning the development program.

The study showed that there is very good possibility that the catalytic
exchange process can reduce moderator tritium by 50 to 75% at relatively
minor net cost. There is even a fair chance that the process will more than
pay fo~tself for tritium reductions of 20 to 60%.

In the following pages details of the study
major parts:

o features which are characteristic of SRP
nature of the triti.um removal process

are presented in three

reactors independent of the

o characteristics of the catalytic exchange process

o cost analysis of the overall process (which combines results’ of the
preceding two items)

in that order.

S.R.P. Tritium Characteristics

Pertinent characteristics of the SRP reactor system (with and without

detritiation) are summarized in figure 1 and table I. At present the concen-
tration of tritium in moderator, x , has stabilized at a constant value, Xo.
This stable tritium concentration !s ,sustained’by a balance between generation
by the reaction Din +T (rate = g), radioactive decay, (rate = VAxt), losses
(rate = Lxt) and makeup (rate = Lxm). This balance requires that X. have
the value given in the Definition block of figure 1, where A. has the value
given in table I. The observed stable tritium concentration is in agreement
with this calculated value.

The object of moderator detritiation is to reduce the moderator tritium
concentration xt to some value lower than Xo. The heavily shaded block in
figure 1, together with its three associated moderator streams labelled
Fxt, GXG and DXD represent an unspecified tritium removal process for this
purpose, not now installed. Its installation will alter the tritium balance
to that shown by equation 1. Initially tritium is removed by losses plus
detritiation at a rate VAxt greater than the rate of generation plus makeup
(g+ Lxm) so that the amount (Vxt) of tritium in the moderator must decrease
at a rate -Vdx+/dt. Ultimately a new stable concentration xt* is reached
so that
Xt have

xt no longer changes and dxtldt = O. Equation 1 the~ requires that
the value xt* given “In the Definition block.

SECRET
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The approach of Xt to the ultimate stable value xt* follows equation 2,
which is the solution’ of the differential equation 1. The time constant A
of equation 2 has the value given by the Definition block. The quantity
A. was the time constant for the period in which nioderator tritium, starting
from zero, approached the present stable value, following an equation analo-
gous to equation 2.

Tritium Reduction Factor. We will express the extent to which moderator
tritium is reduced either as per cent or by the tritium reduction factor r
defined in the Definition block of figure 1. Thus a reduction factor r = 10
represents reduction of tritium to one tenth its present value, Xo. From
this definition it follows that the percent reduction is (1 - l/r) . 100%.
Equation 2 can be rewritten in terms of r to become equation 3, which shows
the course of tritium equally well whether expressed in terms of percent
reduction o? tritium reduction factor. Expressed in either way, the tritium
reduction gradually approaches an ultimate limit, which is r* for the tritium

reduction factor and (1 - l/r*) o 10077 for percent reduction. At this limit,
tritium is being removed as fast as it is being generated in the moderator.

Time Constant. The ultimate limit is approached faster the larger the
time constant A. Equation 4 shows that this constant is proportional to

the dtimate tritium reduction factor, r*. Thus the ultimate limit is

approached sooner the larger the ultimate tritium reduction factor. This
follows directly from the definitions of r, r*, A and A. given in figure 1,
which lead to equation 3. It results from the fact that a higher ultimate
tritium reduction is achieved only by increasing the rate of tritium removal.

In several following sections we will consider the consequences of equa-
tions 2 through 4 and then return again to figure 1 to discuss equations
5 and 6.

Reactor Parameters. Equations 1 through 4 depend on the reactor parameters
listed in table I. The listed values apply only to SRP 100 Area reactors.
The J)20loss rate L is an average value for the past several years; recent
values are sl,ightly lower. The listed value was chosen to be consistent
with the present value of Xo, which is the result of years of previous opera-
tion.

Typical Course of Tritium Reduction. The course of tritium reduction
for a tritium removal process with ultimate reduction factor r* = 3 is shown
in figure 2. The percent of original tritium (equal to 100%/r) was calculated
from equation 3. In this case only a 14 percent reduction is achieved in
the first year. The ultimate 66.7% reduction is approached closely only
after twelve years of tritium removal at the rate corresponding to r* = 3.
Figure 3 shows the tritium-reduction achieved in the first year by tritiuln
removal at other rates. High
only by a process which has a

reduction can
high ultimate

be achieved in the first year

reduction factor r*, requiring

. ..’
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rate and correspondingly high cost. This is a characteristic
system and independent of the type of tritium removal process

Figure 3 also shows the total amount of tritium recovered by the tritium

removal process up to any time. Recover? is at the rate DXD, or DSxt. The
total amount recovered is obtained as $0 DSxtdt, with Xt expressed by equation
2.

Dollar Benefits. Of the benefita of moderator detritiation which we
have enumerated for SRP reactors, three can produce dollar returns that can
offset some or all of the cost of tritium removal. These are reduction in

cost of regenerating basin deionizes , reduction in use of plastic suits , and
recovery of the tritium. Because of the gradual way in which tritium con- ‘
centration is reduced over a period of years, the annual dollar return from

these sources changes with succeeding years of operation of the tritium
removal plant. For this reason the economics of tritium removal can be
better understood in terms of the total benefit (and total cost) accrued
from the start of detritiation up to any specified time.

Table II gives data and equations from which the dollar returns from
these three sources can be calculated for any tritium removal process. For
each source of benefit, table II defines a unit benefit. For b~sin purging
and plastic suit work it is the benefit per year from 100% reduction in mod-
erator tritium (note that in this case of 100% reduction, only, the annual
benefit is constant). For tritium recovery, it is the value of recovering—
all of the tritium now present in the reactor moderator. In each case the
number of units of benefit accrued in t years of detritiation is expressed

as a function of r* and t (see reference 7 for the mathematical derivation).
These functions are illustrated in figure 4. Each equation in table II gives
the cumulative dollar benefit as the product of this function times the dollar
value of the unit benefit, In this way, if a better estimate of the dollar
value of unit benefit becomes available, it may be substituted for the present
value in the equation.

The equations in table II are used in the subsequent cost study to cal-
culate the dollar returns from detritiation. The grapha in figure 4 give
a qualitative picture of how each source of benefit contributes to the total
dollar return. Of the three, only recovery of tritium provides an early dollar
return; the higher the ultimate tritium reduction factor, r*, the sooner is
this early return realized. Reduction of plastic suit work yields only
negligible return for r* values less than 10, while most of the possible
gain has been achieved at r* * 100, with little of any additional gain for
r* > 100. The maximum possible gain from reduction of plastic suit work is
too small to have much effect on the results of the cost analysis.

.
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Table 11 also lists an equation for the cumulative reduction in off-
plant exposure. A cumulative dollar value of reduction in off-plant exposure
could be obtained from this equation by multiplying by a dollar value per man
rem. We have not assihned such a dollar value, although reference 12 does
give a value of $1000 per man rem applicable to power reactors. Our approach
instead, is to calculate the net cost as total cost less the dollar benefits

from the other three sources. Lf this cost is reasonable and the tritium
reduction is worthwhile, the detritiation process will be judged worthy of
further study. This is in line with the policy of keeping activity releases
as low as practical.

Separation Factor. The ability of a particular process to separate two
substances is measured by its separation factor a. It measures the separa-
tion achieved in a single stage process in which the entering stream is sep-
arated into two product streams A and B which are at equilibrium; no greater
separation can be achieved in any practical process. If XAaIld XB are mol
fractions of one substance in these two respective streams, then 1-XA and

l-~ are the mol fractions of the other substance in the same two streams.
The separation factor is defined as

We will be considering for the most part very low tritium concentrations
such that XA and XB are much less than unity. Then approximately

Process Magnitude. The size of equipment and cost of energy needed to
effect a particular ultimate tritium reduction, r* , increase in proportion

to the quantity of moderator which must be processed per unit time. The con-
trolling quantity nay be either of the two flow rates F or G of figure 1.
Equation 5 of figure 1 can be used to calculate G; F is RxG.

The separation factor a for separation of tritium from .D20 is not large
enough in any known process to give a large separation in a single stage.
It is necessary to use a counter current process to achieve a large overall
separation (measured by the ratio S = xDjXt). Examples of counter current
processes are the 100 Area isotopic distillation columns in which two streams
flow past each other in opposite directions to effect a separation. For such
a process the factor (R-l)S appearing in equation 5 is expressed by equation
6. The processes in which we are interested can be designed economically
so that m is small, while S is so large that S/(S-1) is practically unity.
For such a process the reflgx ratio R is close to unity. Consequently both
F and G are approximately equal to VAo(r*-l) c.)(a-1). Process size and
costs are thus proportional to VAo(r*-l) a/(a-1).

SECRET
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The quantities V and A. are fixed parameters of the 100 Area reactors.
Thus costs will be higher the higher the ultimate tritium reduction factor.
For a specified value of r*, costs will be lower the higher the separation
factor a, other factors being equal.

Applicability. Equations 1 through 5 and their consequences do not de-
pend on the nature of the detritiation process as long as it is linear (as
defined in figure 1). Thus, for example, table II and figures 2 through
4 apply to any linear detritiation process. All known countercurrent detri-
tiation processes should be linear as long as the tritium concentration does
not exceed about 1%. Even when the concentration does exceed 1%, deviations
from the results presented in these tables and figures should be minor.

Equation 6 is restricted to countercurrent processes, but is otherwise

equally general. Thus the expression VAO (r*-l)a/(et-1) for the flow rates
F and G is applicable to any countercurrent process as long as S is large

and m is small compared to 1.

‘l’hisCOIICILldeS discussion of those features of tritium removal which are
characteristic of S,R.P. reactors independent of the nature of the process.

Catalytic Liquid Gas Exchange. The process being studied at Mound Labo-
ratory makes use of the reaction

DT + E20 = D2,+ DTO

to separate tritium from D20. A special catalyst is used to make the reaction
go at a useful rate at room temperature, where the exchange occurs between
liquid D20 and gaseous D2.

The corresponding exchange reactor between HD and D20 has been used in
large scale production of heavy water by the Xorsk Hydro Company in Norway
and by the Canadians at Trail, British Columbia (reference 8). The exchange
between DT and D20 is used in parts of the process for detritiation of D20
in the reactor at Grenoble, France (reference 9).
used was effective only at higher temperatures in
The exchange between HT and H20 has been proposed
water, and is being studied at Mound Laboratory.

One advanta~e of these exchan~e reactions is

In these cases the catalyst

the absence of liquid water.
for detritiation of light

their relatively large..
separation factor, a, as compared, for example, to fractional distillation.

.

Figure 5 shows the separation factors for exchange of hydrogen isotopes
between liquid water and hydrogen gas vs temperature. At 22°C (72”F) , the
separation factors are 1.7 for the DT + H20 exchange, 3.9 for HD + H20, and

7,.1forHT +H20. These relatively large a values mean that much smaller
volumes of liquid and gas rided to be handled than (for example) in fractional
distillation of water for which cilies in the range 1.01 to 1.1.

,..
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The exchange reaction has one limitation. Because very strong chemical
bonds must be broken, the reaction is normally very slow. To obtain any

practical exchange of isotopes, a catalyst must be used to speed up the
reaction. All of the catalysts available until recently for this purpose
are deactivated by liquid water. It has therefore been necessary to first
superheat the water before bringing it into contact with the catalyst. In
a countercurrent process (needed to obtain any separation greater than that of
a single equilibration) , the gas must repeatedly be superheated to contact
the catalyst and then cooled to contact a liquid stream in order to complete

the transfer of isotopes. The process requires complex equipment and the
repeated reheating is costly. In addition, the high temperatures needed to
prevent formation of liquid water reduce the separation factor a (see figme
5), further increasing the costs.

Hydrophobic Catalyst. Recently, a hydrophobic (“water-proof”) catalyst
has been developed by the ARCL Chalk River Laboratory (reference 6). It con-
sists of platinum deposited on alumina pellets, with a coating of silicone
“or a suitable organic film.

With this catalyst, tritium could be removed from reactor moderator by
the process diagramed in figure 6. The heart of the process is the column
filled with catalyst pellets. Reactor moderator containing tritium flows down
over the catalyst pellets, and out the bottom of the column. Part of the
liquid D20 leaving the bottom of the column is electrolyzed to produce deu-
terium gas (containing tritium) at one electrode and oxygen gas at the other.
The rest of the D20 is drawn off as a product stream. The deuterium gas is
passed up through the catalyst column to undergo isotopic exchange with the
down-flowing D20. Tritium is transferred from the gas to the liquid, so

that the concentration of tritium in the D20 increases as it flows down through
the column. The product stream drawn off from the bottom of the column is
enriched in tritium as compared to the D20 fed to the top of the column.
The gas loses tritium as it rises through the column, so that the stream leaving
the top of the column has a lower proportion of tritium to deuterium than
the feed stream. At the top of the column, this D2 gas is recombined with
the oxygen from the electrolytic cell to produce heavy water containing less
tritium than that fed to the coluinn from the reactor.

The Chalk River Laboratory has demonstrated this process on a laboratory
scale for separation of H20 from D20. Monsanto’s Mound Laboratory has assem-

“bled equipment to test and demonstrate detritiation of both light and heavy
water using this catalyst (reference 2).

Process Characteristics. A number of characteristics of the process were
obtained in a visit to the..C~alk River Laboratories (reference 2) , which are
importsnt in assessing the practicality of this process for removing tritium
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from the 100 Area reactor moderator. These are listed in table III. Most
important are those concerning catalyst life and H.E.T.P, (height equivalent
to a theoretical plate). The catalyst will not last indefinitely because
of radiation damag~ to the waterproofing film, am! may need to be replaced
once or twice a year. The H.E.T.P. is a measure of catalyst performance,
which determine the height of catalyst column needed to effect a specified

separation (reference 10).

On theoretical bases, a fixed volume of catalyst will be equivalent to
one theoretical plate whether it is packed in a long narrow column or in a
short fat colunm. For any particular separation process (e.g. the DT-D20
isotope exchange) the volume of catalyst per theoretical plate is a nearly

constant multiple of the gas flow rate. This proportionality has been veri-
fied in the AECL tests over a range of liquid and gas flow rates. The pro-
portionality constant falls off some only at the lowest rates tested, This
constant is the catalyst volume constant listed in table III for the HD-H20
exchange, which we have estimated from other data in table 111. We have used
this same value for the DT-D20 exchange; theory (see Appendix A) indicates
that this assumption may yield an overestimate of catalyst volume and costs.

Cost Studies

With the limited information now available, a cost study can determine
if this process has enough promise to be worth further study. It can help
identify areas where more information must be developed from laboratory and
plant tests, and it can serve as a pattern for cost studies of alternative
ways to remove tritium from the reactor moderator.

ColLunnDesign. Some of the process costs depend in an important way on
the design of the catalytic exchange column and associated electrolytic equip-
ment. For the present purpose the catalyst column was assumed to behave like
an equivalent plate column. The methods used to design the column on this
basis are sketched in Appendix A. The detailed calculations are documented
in reference 7, p 10-28. The flow rates, catalyst volume, and column diam-
eters obtained from these calculations are presented in figure 7. They are all
of reasonable magnitude - a few inches diameter, a few cubic feet of catalyst,
and a feed rate not more than 1 gpm. Note that the flow, catalyst volume,
and column cross sectional area all increase with increasing tritium reduction
in proportion to (r*-l),

In arriving at this design, an overall separation factor S = 35 was used.
A fairly large value of S is needed to reduce the volume of D20 drawn off to
a small,value so that the cost of D20 held in the process is not a major cost
item. A value of S = 35 wi~> do this for tritium reductions not greater than
about r* = 6. The design calculations show that eleven theoretical plates
are needed to give S = 35. For r* greater than 6, more than 10 plates may

.
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will increase the catalyst volume above that shown in figure
to S, if a colunm of uniform diameter is used. It is possi-
taper the column diameter in steps so that the total catalyst

volume remains approximately that shown in figure 7.

A column with S = 35 will not yield anything near pure T20 or tritium in
the drawoff stream. Further processing is needed to upgrade the product to
this level. In principle it could be done in a single column of very many
theoretical plates. If a column of uniform diameter were used, the catalyst

cost’could become prohibitive. This cost could be reduced by tapering the
column, but with the practical limit of one inch diameter this cost reduction
is not enough. The alternative, selected in this study, is to use the approxi-
mately 11 plate column ninety percent of the time to remove tritium from the
reactor moderator and the remaining time to upgrade the product in a series
of batch operations. The batch upgrading will be carried to the point that
the tritium concentration is about 20%, At this point the 200 Area can accept
it and complete the upgrading to essentially pure tritium (reference 11).

costs. In the cost studies we have made no attempt to allow for infla-
tion. All dollar values are in 1975 dollars. We assume that inflation will
affect all costs in approximately the same proportion. If this is true, the
effect of inflation is simply to multiply all of our cost and value figures
by the same constant which converts from 1975 dollars to current dollars.

In table IV we have identified the important cost items and listed our
best estimates of their magnitudes. The sources and uncertainties of the unit
costs are discussed in Appendix B. Some are known accurately while some are
at best only guesses.

Most of the listed unit costs are costs per gpy. The number of gpy needed
to attain a given ultimate tritium reduction is VAo(r*-l)a/a-l = 10,360(r*-l);

values are listed (as feed rate, gpy)for r*=l.6, 2 and 6. The actual cost
for eac$ item is the product of unit cost times this feed rate; these actual
costs are tabulated for r*=l.6, 2 and 6. These r* values represent, respec-
tively, the smallest practical column diameter and the probable lower and upper
limits of column size likely to be used for a full scale plant.

Items 1, 5 and 12 are calculated differently. Item 1, the actual electro-
lytic cell cost is $83 multiplied by the six tenths power of the feed rate.
Items 5 end 12 are flat charges independent of the feed rate, hence independent
of r*.

The total capital cost and total annual cost are obtained by summing the
individual values. This leads to the equations from which they can be calcu-
lated, given at the bottom of the table. For the cost study we will use the
cumulative cost, which is (capital cost) + (annual cost x years operation) .
Figure 8 shows how the cumulative net cost depends on r* for the several cases
defined in table V.
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Net Gain. The net gain accrued from the start of detritiation up to any-
time t (or cumulative net gain) is the cumulative dollar benefit less the cumu-
lative coat for that period. If negative it represents a net cost. It is
calculated by combifiing the results in tables 11 amd Iv, in the form of the
equation given in table V.

Figure 9 presents the results of this calculation for selected values of
the ultimate tritium reduction, r*. For r* = 1.6, 2 and 6 the costs and bene-
fits break even after a few years operation and beyond that point the tritium
reduction is obtained and maintained at no net cost. Instead there is an actual
net gain at ai annual rate which eventually becomes constant. On the other
hand, for a value of r* large enough to effect significant reduction in plastic
suitw”ork (r* = 20), the initial cost is high ($1.15 million/reactor) and after
4 years operation additional costs accrue annually at a $0.22 million/reactor
year.

Three features of these cost histories are of particular interest: - the
initial or capital cost at time t = O, the time required to recover the initial
coat (the “break-even point” at which the curve crosses the line of zero net
gain), and the annual net gain or loss (slope of the curve) after the curve
straightens out. These three features alone give a rough feel for the whole
cost history. Note that the curve for r* = 20 in figure 8 has no break-even
point; this can be true for other cases and other values of r*.

Figure 9 presents only our present best estimate of net coats or gains,
corresponding to case I of table V, and only for selected values of the
tritium reduction factor r*, The way the economics of tritium removal
changes with r* and with changes in the basic coat estimatea ia summarized
in figures 8, 10 and 11, which show the initial cost , years to recover initial
cost, and annual net gain after 10 to 20 years of detritiation, respectively.

Figure 8 has already been discussed. Figure 10 shows that the time required
to recover the initial cost is short only for the two most favorable cases

(Casea I and 11 of table V) , and then only for r* values greater than about 2.
In every case the time to break even is very long for values of r* approaching
one, and for values of r* approaching an upper limit value which is different
for each case. Any prccess designed to produce an ultimate tritium reduction
factor greater than this upper limit will never recover the initial cost.

Figure 11 showa the average annual net gain (or cost, if negative) over
the period from t = 10 to t = 20 years. Beyond about ten years of detriciation
the annual costs change rather little with passage of time, so that the annual
costs shown in figure 11 can be considered as roughly representative of any
year after the detritiation..-~roceashas been in operation for ten years or
more.

of
‘be

A hypothetical cost limit curve is shown in figure 11. It stands in place

actual data, not now available, on the greatest annual.net cost that might
accept.sd in order to achieve any desired reduction in off-plant <ritium
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releases as expressed by r* (or the corresponding percent reductions shown
by the scale at the top of the graph). This curve is given only to tilce
the following discussion concrete. The actual limit curve may be quite
different.

If the cost limit curve of figure 11 were to be accepted, the figure shows
that the annual net cost (negati,ve values of annual net gain) becomes unaccept-
able only for tritium reductions greater than a limit that ranges from 4.5

for case IV to 13.9 for case II. Regardless of what the cost limit may be,
for the cases listed in table V there is a range of r* values within which
reduction of moderator tritium and associated off-plant tritium exposure can
be achieved at no net cost. For case IV it is the range from r* m 1.1 to
r* = 3.7, while for case 11 it”is the range from r* Q 1.05 to r* = 11.2.

For r* values near the middle of this range, figure 11 shows actually a sub-
stantial net dollar gain from the detritiation process. For any time beyond
the break.-even point of figure 10, this annual net gain is clear of any un-
recovered costs;

These results of the cost study indicate that the catalytic liquid-gas
exchange process offers a very good prospect of providing 20 to 75 percent
ultimate reduction in tritium releases (r* = 1.6 to 4) at acceptable cost
or even no net cost in the long run. There is even some chance of reductions
as high as 92 percent at acceptable cost. But significant elimination of
plastic suit work would be too costly unless it were justified by a high incen-
tive to reduce off-plant tritium releases by more than the 95% (r* > 20) which
it would require.

Program

The cost study indicates that further
exchange process for removing tritium from
This work falls into three phases:

work toward developing a catalytic
reactor moderator is warranted.

o

0

0

“work to eliminate the technical uncertainties which are

apparent in the present study

a pilot plant test to demonstrate practicality of the
process and help in selecting the best design for a
full scale plant

desi~ and installation of the full scale plant if the pilot

plan; demonstration is successful.

Technical Uncertainties. The uncertainties ir,the data used in the
cost study are presented in detail in Appendix B, In general they stem from
either technical uncertain~?es as to the performance of the catalytic exchange

process or from the very preliminary and superficial nature of the process
design study used to obtain only rough cost estimates. Much of this uncer-
tainty can be removed by bench scale test work such as that being done at
Mound Laboratory together with a more detailed engineering design study.
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Table VII summarizes the uncertainties listed in Appendix B and ranks them
in importance, in proportion to their effect on the net cost (or net gain)
of detritiation. The most important are those in graph A of table VII; together
they account for about 80 percent of the uncertainty in.the cost analysis.

Most important is the uncertainty in catalyst life and theoretical plate
height. The Motind Laboratory tests will establish the plate height, and also
the electrolytic cell power requirement. A 100 Area test is needed to establish
the catalyst life. A more accurate estimate of the cost of basin purging can
be obtained by .amore detailed analysis of 100 and 200 Area costs of deionizer

regeneration. The remaining three items in group A require detailed engineering
design studies of the processes of tritium removal and upgrading. These studies
will also reduce most of the uncertainties listed in groups B and C.

Catalyst Life Test. Catalyst life depends on the impurities present in the
water being tested. Non-radioactive impurities cause catalyst poisoning.
It is possible to regenerate the catalyst, but it might not be economic to do
so. Radioactive impurities could cause radiation damage to the waterproofing
“film on the catalyst pellets. The material of the film which has given the
best performance to date is one of those most susceptible to radiation damage.
Others are available which are less susceptible to radiation damage but which

give poorer performance. A catalyst which has suffered radiation damage
could not easily be regenerated, although the value of the platinum could be
recovered.

A test of catalyst life is needed to determine if the more radiation resis-
tant waterproofing is needed and to provide a better estimate of catalyst life
for use in refined cost studies, It would also determine if catalyst regen-
eration is feasible and by what method, so that provisions for catalyst re-
generation may be included in the final process design if needed,

This test will give reliable results only if the water to which the
catalyst is exposed has exactly the same impurity content (especially radio-
active) as the final detritiation plant must process. Short lived radionuclides
will probably be the major source of radiation damage. Their effort cannot
be reliably duplicated by either a synthetic feed stream or by a feed of water

removed from the 100 Area reactor and carried elsewhere to do the testing.
Thus the test must be done on a moderator stream fed directly from the reactor
system into the test catalyst column.

Conceptually, the test might be done in a one inch diameter catalyst column
three feet in height operated at total reflux (i.e., no drawoff). The equip-

ment required would consist of items 1, 2, 3 and 8 of table IV. Costs for items
1 and 2’would be those listed under r* = 1.6 in table IV. Costs for items

3 and 4 would be about five-percent of the listed values because of the much
shorter catalyst colunm (about .03 times the length of the 11 plate column).
Thus the equipment cost for the test would be about $26,000.. With forethought
in design of the test setup, the electrolytic cells and electircal auxiliaries

could be used for the pilot plant after the catalyst life test is completed.

.
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Pilot Plant Demonstration. A fully satisfying demonstration would accom-
plish the following:

1. Confirm on a plant scale the technical data obtained from laboratory
tests

2. Confirm the engineering design

3. Provide a firm cost analysis

4. Show a substantial tritium reduction in a reasonable length of
time and at a reasonable cost

The first three items can be demonstrated with a plant using a one inch I.D.
catalyst column to give an ultimate tritium reduction of 38 percent; this is
the smallest and least expensive practical plant. But for a plant of this size
the approach to the ultimate reduction is so slow that it cannot be used to”
demonstrate the fourth item. Only a much larger and more expensive plant can
do this.

From the standpoint of item 4, the demonstrati.on plant should be one which
gives at least a 30% reduction of moderator tritium, and at least half of its
ultimate reduction in a demonstration period of one to three years. Tab le
VIII summarizes the estimated costs and tritium reduction performance of

catalytic exchange detritiation plants of three selected sizes. A plant of
size r* = 1.6 obviously does not meet the requirements of item 4. The desired
size lies in the range r* = 3 to 6. The most satisfying results would be
obtained with the largest sized plant, but the costs become large.

A conservative approach is to do the demonstrstion in two stages. First
operate a small plant (r* = 1.6) to firm up the cost analysis, and then ex-
pand the plant to the largest practical size to complete the demonstration.
The plant size can be expanded easily by adding catalyst column sections of
larger diameter at the feed end. Addition of a three plate section of twice
the cross sectional area will double (r*-l): Each added section must be
provided with electrolytic cells capable of electrolyzing D20 at a rate equal
to the increase in feed rate occasional by the increase in plant size, This
results in a column tapered in cross section at close to the optimum size
(reference 7, p 10-27).

Initially the tritium product from the small (r* = 1.6) plant would be

upgraded only to the point that it could be stored economically. Purchase of

equipment needed in the 200 Area to complete upgrading would be deferred until
it was certain that detritiation of 100 Area moderator would become a perm-

anent operation. The costs listed in table VIII pertain to operation without
200 Area upgrading.

-..,
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of size r* = 1.6 produces no dramatic reduction in modera-
first year, its performance can be checked reliablv in a

nuder of ways. Cost data are obtained easily during fabrication and-operation.
The achieved” reductitin in moderator tritium will be ~nly 4.5% in the fi~st
year, but this is large enough compared to the uncertainties of measurement
to give a reliable check on the predicted reduction. Furthermore it can be
checked by material balance methods from the amount of tritium collected in the
drawoff stream. The column performance and H.E.T.P. can be checked by the ob-
served ratio S = xD/xt of tritium concentration in drawoff to feed streams,
The column throughput capacity can be checked by observing the feed rate and
electrolysis rate that the column can handle without deterioration in the
ratio S. Operation of this plant will also give experience with operating

characteristics, which will be valuable in designing a full scale plant.

Full Scale Plant, If experience with the pilot plant shows that the
process is practical for plant use, installation of a full scsle plant in e“ach
reactor area should then be considered. The full scale demonstration plant
would serve as a prototype for the planta to be installed in the other reactor

areas. They should be designed to facilitate further expansion by adding on
column”sections, should the need arise.

FEL/lbw

.. .

SECRET



‘ D.

1.

2.

3.

4.

5.

A. WARD SECRET’

-20-

DPSP 76-1oo7

RTR-1568

----- Table I---

FUNDAMINTAL REACTOR PARAMETERS

Moderator Volume V = 52,500 gallons

Moderator Loss Rate
L = 1000 lb/mo

= 1299 gallons/year (gpY)

Tritium Decay Constant
1 = .0565/yr

Tim Constant for Tritium
Transients A. = i + L/V = 0.0813/yr

Detritiation Feed Rate

Coefficient
VAO = 4267 @y

= 0.4871 gallonsfhour (gph)

= 0.008128 gpm

The sources and accuracy of these data are discussed in Appendix B.

..- .

. .
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Table II

DOLLAR BENEFIT DATA AND EQUATIONS

(Basis : Single Reactor)

A. Release to Environment

1. Off-plant exposure
Area tritium

from 100

29.8 man rem/reactor year

2. Cumulative reduction in exposure+ 29.8(1-l/r*)[t-(1-e-At)/A] man rem

3. Dollar value of unit reduction: none claimed (but see reference 12)

B. Basin Purging

1. No. of deionizer regenerations
for purging

2. Cost per regeneration

3, Benefit from 100% reduction
+

Cumulative benefit =

c. Plastic Suit Work

1. No. of plastic suits used

2, Plastic suit cost plus cost of
extended working time

3. Benefit from 100% reduction
+

Cumulative benefit =

“E2!lE Value of a

r*<5 o

5<r*<286 -1/r*(l-5/r*)[49-34.C)34(l-r*/130)2] (lnr*/5) /ln20

rk > 284 0 1

70/reactor year

.$1300

$91,000/year

$91,000(1-1/r*) [t-(l-e-At)/A]

1,300/reactor year

$12,20/suit

$16,000/year

$16,000 (a + bt)

Value of b

o

+
t = tim’ein years
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D. Value of Tritium

1. Total amount in moderator

“2, Unit value

3. Total value
+

Cumulative benefit =
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410 gin/reactor

$2440/gm

$1,000,000

$l,OOO,OOO(l-l/r*)[Aot + (l-l/r*)(l-e -At) 1

The sources and accuracy of these data are discussed in Appendix B.
The derivation of the equations is given in reference 7, p 2, 3, 29-39.

.

+
t’= time in years

-.,
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Table III

CATALYTIC EXCHANGE FACTS—

visit to Chalk River Laboratories; reference 2)

1. Catalyst Characteristics

o dimensions 1/4” to 1“ pellets. Column diameter should be about 6 x pellet
dimension (~.minimum column diameter w 1“)

o catalyst life limited by poisoning, waterlogging, radiation damage.

- poisoned by plating out of noble metals; 100 Area impurity level too
low to do this

- waterlogged catalyst can be restored by heating

- poisoned catalyst can be regenerated chemically

- radiation damage to the waterproofing film could be permanent

o volume requirement

(COIUmn cross sectional area)(H.E.T.P.)*/(Flow rate) = catalyst volume constant

2. Laboratory Column Characteristics (H20-I)20,system)

Diameter = 1 in.

Height = 3 ft.

Liquid flow rate = 50 cc/rein = 0.8 gph

H.E.T.P.* =10 ft.

Column cross sectional area = 0.0796 in2

Catalyst volume constant = 2068 cu ft/gph/plate

. 7.8 x 10-6 cu ftlgpylplate

*H.E.T.P. is the hei%ht of catalytic bed which will perform like a single

“theoretical plate” as defined in Appendix A.
It determines the height of,column needed to effect a suecified de~ree of
separation. It varie~ with flow rate in such a
constant remains nearly constant over the whole
the liquid is well distributed over the packing

way that the catalyst volume

range of flow rates in which
and the column is not flooded.
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Table IV
— -“

,
COST DATA

(Basis: one reactor)

Unit* Costs For Selected Cases**
cost r* = 1.6 7*=7 T*=6

Column diam. (inches) .94
Feed rate

[ [:;;
,709
6211

Ultimate percent tritium reduction 37.5
,
CAPITAL COSTS

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Electrolytic cells

Electrical auxiliaries

Colunm hzrdware

D20 Inventory

200 Area tritium process

Other capital costs

TOTAL CAPITAL COSTS

Electricity

Catalyat

Cooling water

Labor

Maintenance

200 Area tritium process

Other annual costs

TOTAL ANNUAL COSTS

*83”(gPY)
0.6

*1.6oJgpy

$2.00Igpy

$o.~51gpy

$35,000

$1,oolgpy

+

ANNUAL COSTS

$0.46/gpy

$0.32/gpy

$0.ooll/gpy

$o.oa71gPY

$0.28/gpy

$24,000

$o.7olgpy

+

$16,000

10,000

12,000

3,000

35,000

6,000

82,000

$ 2,900

2,000

500

1,700

24,000

4,400

35,500

.-

1,22
1,18

10,363
50

21,000

17,000

21,000

5,000

35,000

10,000

109,000

4,800

3,300

negligible

900

2,900

24,000

7,300

43,200

--

2.72
5.91

51,770
83.3

56,000

83,000

103,000

23,000

35,000

52,000

352,000

24,000

17,000

5,000

14,000

24,000

36,000

120,000

%Ources and accuracy of th~~e costs are discussed in Appendix B. Items 1, 5 and 12
are total costs rather than unit costs.

**For (gPy) we use the feed rate VAo(r*-l)a/a-l) =olg,363(r*-1)

‘gp~~6”+ .035 $million
+Total capital cost = $5,05 . (gpy) + $83 . + $35,000

= .0523(r*-1) + ,0213(r*-1)
Total annual cost = $1.848 . (gpy) + $24,000 .,

= .0192(r*-1) + .024 $million/yr . .
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Table V

COEFFICIENTS OF NET GAIN EQUATION

(Basis: one reactor)

CASE

I. Standard case (based on tables
I-IV data)

,11. Best case
(Appendix B extreme values of all
factors selected to give the
largest net gain)

III. Worst case
.(Appendix B extreme values selected

to give smallest net gain)

Iv. Case I with costs doubled

v, Case I without tritium value

*NET GAI~{ EQUATION:

Cumulative net gain ($million) =

a(l-1/r*)[t - (l-e-At)/A]

+b(l-l/r*)[Aot + (l-l/r*)(l-e-At)]

-[(P +qt)(r*-1) +C (r*-1)0”6]

-(.035+ .024t)

-.,
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Coefficient*’
a b c—. _ --2-+

.09 1 .0213 .0523 .0192

.11 1.12 .0114 .0267 .0192

.08 .88 .0312 .0779 .0228

.09 1 .0426 .1046 .0384

.09 0 .0213 .0523 .0192

(basin .deionizer savings)

(tritium value

(100 Area cost)

(200 Area cost if tritium is

recovered; omit in Case V)
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50

7.7

.11

,073 co

.18

2.8

1.4 to
8.7

42

60 to
23

Table VI

COST ESTIMATES FOR SELECTED CASES

(Basis: one reactor)

Ultimate Tritium Reduction Factor, r* 1.6

Ultimate Percent Reduction 37.5

Actual Reduction in First Year (%) 4.6

Capital Cost, $million

Standard Case

Range
+

Years to recover capital cost

Standard Case

Range+

Annual net gain after long operation,
$thousand**

Standard Case

Range+

.082

[
.059 to
.13

4.8

[
2.4 to

12

26

[
39 to
15

DPSP 76-1007
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6

83.3

33

,35

,106 to
.67

1.8

,63 to
-*

23

66 to
-76

20

’95

75

1.2

.61 to
2.3

.

-*
-*

-230

-590 to
-130

+
First value is Case II, second value is Case IV of Table V

*Capital cost not recovered at anv time (as illustrated by the curve for r* = 20
in figure 6)

~Negative values represent an actual net cost (rather than ~)

--- .

SECRE?



. 1’

D. A. WARD SECRET

-27-

T.ableVII

UNCERTAINTIES OF COST

Eu!!Q3 Cost Benefit Item

A. Catalyst

Tritium value recovery

Other annual costs

Basin purging

Colunm hardware

B, Electricity

Electrical auxiliaries

c.

Other capital

Maintenance

costs

Labor (as operating
cost)

Electrolytic cells

Plastic suit.wo”rk

D20 inventory

Cooling water

STTJDY———

Nature of Uncertainty

Plate height, catalyst life

Overall feasibility

Nature and value

Exact value

Nature and cost

Cell power requirement

Detailed requirements

Nature and cost

Amount required

Amount required

Exact cost

Exact value of benefit

Process design

Exact cost

DPSP 76-1007

RTR-1568

Importance
Rating

39

18

14

9

6

f4

4

5

3

3

2

*Group A is of major importance, group B minor and group C of negligible importance
in influencing the calculated net gain or coat.

+
The rating is in proportion to the effect of the uncertainty on calculated net
gain; it is only relative and semi-quantitative. Estimated as the product of the
uncertainty times the total contribution OC the item to cost or benefit.

--J
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(r*)

1.6

3

6

-28-

Table VIII

COMPARISON OF POSSIBLE DEMONSTRATION PLANTS

Costs ($Thousand)**
Capital Annual

47 u

140 38

320 96

**200 Area Costs not included

-1.

‘ Y = years to achieve indicated

Ultimate
+

%
Reduction

38

67

83

reduction

DPSP 76-1007

RTR-1568

Achieved Tritium Reduction+

25% of 50% of 75% of
Ultimate Ultimate Ultimate
YP YP—_ YP—_ __

2.2
9

5.3 19 11 “28

162
17

2,8 33 5.7 so

0,6 21 1.4 42
2“8 62

, P = (l-l/r) o 100 = actual percent reduction in tritium concentration

Ultimate % reduction = (l-l/r*) , 100

% of Ultimate reduction = (actual/ultimate) “ 100
= 100 . (l-l/r)/(l-l/r*) ,

.-->

.

SECRE?l’



. . D. A. WARD

L Xti L %t

/.

2.

5!

z
6.t

SECRET
- 29-

Dcfinlfions

DPSP-76-1CI07
RTR-1568

%,~G, h, Xc : h+wm Cmcenfrahons

D,G, ~ rL : D20 flw rai?s
v: D2O vohnie
9 : Ifltwn genwotlw ruie

m: dewgn pQrome+er Odm<l
d.: hltlum separot(on fgc~or

(s. x&/%r

= C0n5fvn+ For Lneur pmCCSS

,.

VA. . VA +L

VA = VA*+ 2)s

R = F/G
~Denotes ultimate steady state value of
variable

.

FIGURE 1. Definitions and Design

Equations for a Linear
Detritiation Process
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I
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I
I
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.

FIGURE 6, Catalytic Exchange
Detritiator For -
A Reactor
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APPENDIX A

COLUMN DESIGN EQUATION~

In an ideal plate column, the liquid and gas stream leaving each plate
are at equilibrium. The mol fraction x of tritium in the liquid and the mol
fraction y of tritium in the gas leaving the same plate satisfy the equi-
librium equation x(l-y)/(1-x)y = a. At the very low tritium concentrations
which will be encountered in removal of tritium from the reactor tank, this
reduces to x = ay, which we will call the assumption of linear equilibrium.
Note “that in this treatment we have ignored the effect of the reaction 2DT0
= D20 + T20 which becomes important only at much higher tritium concentrations.

A tritium balance of each plate and of the whole plate column,with plates
satisfying this equilibrium condition,then produces the equation

% t = (Xt-l-xc)(~n-~)/(6-1)-x (7)

where 6=Ra (8)
.

In equation 7, xt is the tritium concentration in the liquid stream entering
the top plate, xt_l is that in the liquid stream leaving the top plate to

flow down onto the next lower plate, and ~ is the tritium concentration in
the liquid stream leaving the bottom plate.

We claimno credit for the tritium separation effected by the electroly-
tic cell at the bottom of the column, which is actually equivalent to somewhat
more than one theoretical plate of the catalyst column. ‘lluswe assume that
the isotopic composition of the gas and product streams Ieavingthe electroly-
tic cell are identical and equal to that of the liquid stream entering this
cell (see figure 6). When we combine this assumption with the preceding
material balance and equilibrium considerations , we obtain the following column

design equation:

n = log .[1+ S(B-1)/m(a-l)]lo@3 (9)

The detailed derivation of this equation is given in reference 7, p 10-19.
The notation used is that of reference 13,

Equation 6 (figure 1) and equation 8 are used to obtain the value of 6
for operation of a column that will give a desired overall separation S (e.g.
the value S = 35 chosen for the cost studies). Equarion 9 is then used to
determine the number of theoretical plates needed, The design parameter m
is adjusted by trial to obtain the optimum design. Extensive trials showed

that a near optimum design for the catalytic exchange process can be obtained
with a value of m.<0.l. The reflux ratio obtained from equation 6 with
values of m in this range are so nearly 1 that the feed rate F cannot differ
significantly from the gas flow rate G given by equation 5.
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(reference 10 and also reference 7, p 13) that the
plate assumption is valid for packed columms if the
E.T.P. is used. This value is

H.E.T.P, =~ L
G

(lo)

where K is the overall mass transfer coefficient for transfer across the
liquid - gas interface and a is the interracial area per unit height of packed

Colum , This equation should be valid for catalytic liquid-gas exchange because
research done at the ChallcRiver Laboratory has shown that the rate of ex-
change is controlled by transfer across the liquid gas interface. The cata-
lyst is so effective in speeding up the chemical steps of the exchange reac-
tion that these steps have negligible influence compared to the slower diffu-
sion through the film.

The above equation shows that the H.E.T.P. depends on the separation
factor ~ of the particular hydrogen isotopes being separated (because B =
Ra and R =1). In our calculations we assumed the same H.E.T.P. for the
HTO-D20 separation as for the HDO-H20 separation. Equation 10 gives an
H.E.T.P, for HTO-D20 that is half that for HDO-H20, with a resulting cost
of catalyst and colunm half what we used.

-.,
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APPENDIX B
..-

SOURCES AND UNCERTAINTIES OF DESIGN AND COST DATA

The sources and uncertainties of data listed in tables 1, 11,
discussed in this appendix succinctly and serially in the order in

aPPear in the tables. For easy cross reference, they are numbered
the tables. Values accurate to U or better are simply designated

\

and IV are
which they

here as in
“accurate”.

Table I Reactor Parameters

1. A mean value of V accurate to within 5%

2. Average moderator loss rate for 1974. Current rate for 1975 is about 810
lbJmo. Data from K. E. Kehr. Density taken as 1.107 gin/ml= 9.24 lbs/gal.
L accurate to ~20%.

3. Tritium half life = 12.26 years; k = (In 2)/half life. Accurate

4. A. calculated from 1, 2 and 3. Accuracy ~67;.

5. Coefficient calculated from 1 and 4. Accurate to 8%.

Table II Dollar Benefit Data and Equations

A. Release to Environment.

1. One third of calculated off-plant exposure within 50 mile radius
attributable to 100 Area tritium releases during 1974 (data furnished
by W. R. Jacobsen). Presumed accurate.

2, If moderator tritium concentration and D20 loss rate remain unchanged,
the exposure over a period of t years would be 29.8 t. The additional

terms allow for the reduction in releases because of detritiation.

B. Basin Purging

1.

2.

3.

E. C. Bertsche estimates 180 to 240 deionizer regenerations per year
attributable to basin purging.

T..M. Rial estimates 200 Area charge for deionizer regeneration at
$1000 per deionizer;.,and a labor cost for disconnecting, transporting
and hooking up again of $200 to $400,

70 X $1300 = $91,000 ~207L
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c. Plastic Suit Work

1. Total number of suits used in 3 areas in 1971 through 1974 = 15600; ‘
average per reactor year = 1300

2. Cost of plastic suits ~ !j7.201suit

Cost of added working time
(30 minutes avg./suit at $10.00/hr) $5.00/suit

Total added cost $12.20/suit

3. 1300 x $12.20 = $15,860 accurate to within a factor of two

D. Value of Tritium

1. Reference 1. Accurate to ~ 2%.

2. L. C. Brown gives $2615; the quantity of tritium is too small to affect
the scheduling of other production to meet the demand. In addition
there is a potential market as fuel for fusion reactors at a con-
siderably higher price (perhaps $5,000/gm), Use $2440 as a conservat-
ive figure which will give a round number for the total value which
follows

3. 410 X $2440 = $1,000,000 f12%

Table IV Cost Data

1. Equation $83 (gpy)
0.6

fits manufacturer’s forecast price for electrolytic
cells not yet in production: -

Cell size (gph) .038 5 20 200
Date available ‘Now Jan. 1976 Jul. 1976 1977
~~~:~~)~~$Ce $3000 $50,000 $100,000 $500,000

$2772 $51,797 $112,000 $473,870

Thus $83 (gpy)
0.4

estimates cost/gpy accurate to within perhaps 20%.

2. Electrical auxiliaries Basis: reference 14

For an electrolytic system of 1.53 x 104 kw capacity, rec~ifiers, switch
gear and instrumentation were estimated to cost $3.5 x 10 , or $228.60
per kw in 1965. Cost of,electricity in 1975 ($0.022/kwh) shows a factor
of 3 inflation con.pared to the $0.007/kwh quoted in reference 2. Assuming
the same inflation factor for equipment costs, this gives $686.40/kw
in 1975,
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3.

4.

5.

6.

7.

8.

9.

The electrolytic cells to be used consume 20.9 lcwhper gallon of

D20 elect rolyzed; 1 gph = 8760 gpy. This gives a cost/gpy of $1.64/ ,

gPY for electrical auxiliaries. Accurate perhaps to a factor of 2.

C@lumn hardware (includes the colunm shell, pumps, piping, gas recombines,
etc.) Basis: pure guess. Reference 14 gives a cost

of such hardware for a purely electrolytic process as 2/3 the cost of
electrolytic cells. The cell cost in item 1 above is about $1.00/gpy.
Assume about twice this cost, or $2.00/gpy. Accuracy uncertain; perhaps
to factor of 2.

D90 inventory Basis: negligible holdup in cells and column. Operate
1 month on reactor feed and then process all product to return D20 to
reactor service. Inventory is then one month’s production. This results
in $0,452/gpy for inventory value at $50.00/lb. Actual value will depend
on an economic balance between cost of 1)20inventory and cost of process-
ing product at any particular frequency.

200 Area capital costs $30,000 to $35,000 for ursnium bed to dehydrate
the T2 - D2 gas mixture received from the 100 Area detritiation process
(reference 11) . $35,000 used in present calculations and treated as
accurate.

Other capital cost pure guess.

Electricity Power at $0.022/kwh (Power Department).
Power demand = 20.9 kwh/gal (cell characteristic, based on manufacturer’s
specification) . Accurate to ~20%. Gives (20.9)($0.022) = $0.460/gal to
within 20%.

~a;:?:tl:~rrent ‘rice
= $lOO~/cu.ft. (presumed accurate) Volume required

cu.ft./gpy/plate (assumed same as Table 111 value for H20-D20)

uncertain by factor of two. No. of plates = 20 (~50%; probably on high
side) .

Catalyst life = .5 (arbitrary; uncertain by factor of 2 or more).
Listed Unit cost = $1000 x 7.8 x 1o-6 x 20/0.5 = $0.31/gpy/year, uncertain

by a factor of roughly 4. Two conservatism absorb some of the uncertainty: -
the separative effect of the electrolytic cells has not been included,
and 2 plates is twice the number needed based on the column performance
data used in this report.

Cooling Water Basis : J. C. Bixell (Mound Laboratory) estimate of cooling
water requirements for T20-H20 separation by catalytic exchange, scaled

down in proportion to e.l~ctrical power requirements (reference 15).
Accuracy: to factor of two.
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10. Labor Baais : J. C. Bixell estimate of direct labor plus supervision

plus payroll burden, scaled down in proportion to electrical power
requirements (reference 15). Accuracy: to factor of two.

11. Maintenance VA of capital cost. Accuracy: ~30%

12. 200 Area Process Annual Costs Ylat $2,000 per month labor charge independent
of quantity processed. Assumed accurate at present (reference 11).

13. Other 10% of capital cost. Accuracy: unknown.

..-,

,.
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